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10	 Introduction 
101	 General	 - 
This report prcsent3 a sunuary of vark nceomplished during the period 1 Jan-
uary 1969 through 31 Mwfch 1969 on the study of the ultrahigh vacuum adhesion 
of silicates as related to the lunar surface. This work is being conducted 
for the Office of Advance Research and Technology, National Aeronautics and 
Space Administration 9 under Contract NAS 7307. 
1.2	 Objectives 
The general purposes of this program are (a) to obtain quantitative experiment-
al data concerning the crigin of the electrical charge distribution produced 
by the ultrahigh vacuum fracture of various silicate minerals and model mate-
rials, (b) to achieve an understanding of the mechanisms responsible for the 
observed charge stability In relationship to the lunar environment, (c) to 
apply etching techniques to a variety of possible lunar silicates including 
shock loaded and/or radiation damaged materials, (d) apply the results to fur-
ther understanding the possible effects of environment on their structure in 
preparation for analyzing the lunar materials returned by Apollo, and (e) at-
tempt to obtain information concerning bonding of crystal grains in poly-
crystalline rocks. 
1.3	 Approach 
The approach used during this report period has been (1) to cleave silicates 
at ultrahigh vacuum and measure the electrostatic charge distribution produced, 
(2) to obtain microchemical and microphysical profiles on the cleaved surfaces, 
(3) to apply defect etching techniques to a variety of possible lunar silicates. 
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Approach (1) sves to providE; info ybiation on the origin and dynamics of the 
observed electroctatic charging and stability in dielectrics cleaved in ultra-
high va;uw	 Approach (2) serves to provide direct evidence of the relative 
roles played by cotupostion gradients dislocations, and stress patterns in 
electrostatic charging and the potential influence on stability of the lunar 
environment. Approach (3) serves to provide information about the structure 
of dielectrics including those which are shock loaded and/or radiation damaged 
to aid in recognizing shock and radiation effects in the lunar sample re-
turned by Apollo. Approaches (2) and (3) also serve to provide information on 
intergranular bonding in polycrystalline rocks which will provide information 
concerning the basic adhesion and cohesion mechanisms and how these compare 
with previous observations. 
1,4	 Items of Interest 
One paper was published and two invitations were received, one to present a 
paper at a conference on "The Physics of Adhesion," Karlsruhe, Germany, July 
1969 under the auspices of Deutsche Forschungsgenieiflschaft, and the other to 
present a review lecture on "Ultrahigh Vacuum Adhesion," at the Carnegie-Mellon 
University, Pittsburgh, Pennsylvania, April 17, 1969. The published paper is 
"Electrostatic Charge Distribution on Ultrahigh Vacuum Cleaved Silicates," 
3. Vac. Sci. and Tech.. Vol. 6, 203-206 (Jan-Feb, 1969).
2.0 Inctruintction 
No instrttn2nt chagci have been made for studying either the electrostatic 
charge distribution or silicate-metal adhesion as a function of surface state. 
However, a new objeetivG is the application of defect etching techniques to 
study a number of silicates including shock loaded and/or radiation damaged 
materials. Since this instrumentation has not been described specifically 
in previous reports, a brief summary is given below. 
2.1 Defect Etching 
Mechanical lapping and polishing of silicate crystals, mounted in epoxy resin, 
are done using a Ceosc4nce Corp., Unipol, with a variety of cloths and abra-
sives. The final polish with 0.3i alumina, Linde A, on silk is sometimes done 
by hand, depending on the crystal hardness. Problems encountered during pol-
ishing which affect the choice of material are: (a) preferential chipping along 
good cleavage directions (i.e., orthoclase on (001) face), (b) hardness ani-
sotropy, i.e.,-the (010) face of orthoclase is harder than the (001) 9 (c) 
maintaining parallelism and flatness of cleaved crystal pairs, and (d) variation 
in the uniformity of abrasives. An attempt is being made to remove the mech-
anically damaged surface layer after polishing using an R. D. Mathis Company 
triode sputtering system. 
A Leitz Dialux-Pol microscope and a Hitachi HU-11A electron microscope are 
used for petrography and for examining the defect structure of crystals as 
evidenced by chemical etching. Chemical composition profiles are examined 
with an ARL electron microprobe x-ray analyzer. An optical goniometer and a 
General Electric Model XRD-6 x-ray diffractoxneter are used to establish-crys-
tallographic orientation of silicate crystals. Atomic absorption spectroscopy 
is used to Identify reaction products in chemical etching of some crystals. 
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3 0	 !Qn-L Results 
3.1	 Defect Etching 
The chemical etching survey of crystalline structure defects in silicate rniner 
ala includes the fcldsparo t the micas the pyroxene, and the ortho silicates. 
Orthoclase (KA1Si 3O8 ) cleaved in ultrahigh vacuum for the electrostatic char=S 
ging study was etched with caustic and acid etches revealing dislocations at 
the orthoclase matrix interface with the twinned albite. Very thin sheets of 
albite were extracted from mechanically polished and etched orthoclase during 
plastic replication for electron microscope studies. Transmission electron 
micrographs were obtained revealing very graphically the twinning structure 
of perthitic albite (Figs. 1 and 2). 
Diopside, CaMg(SiO3 ) 2 ,is monoclinic and belongs to the pyroxene group of sili-
cates. The crystalline structure consists of chains of condensed SiO4 tetra-
hedra. Cleaved diopside crystals were etched for 60 hours with #3 etchant (1: 
1:4; HF: MCi: BOAc). Fig. 3 shows background etching, revealing crystallo-
graphic structure and dislocation etch pits. The same etchant on a polished 
diopside surface produced pits without a distinct geometric outline. Further 
study of the effect of other etchants is required. 
Hypersthene,(MgFe)SiO 3 an orthorhombic pyroxene, presented more difficulties 
in etching. The MCi component in the etchant was replaced with 11NO 3 to solu-
bilize the Mg etching product. Presence of Fe caused stains and precipitates. 
Fig. 4 shows a polished (100) surface after 10 min. etching with HF. 
Orthorhombic olivine,(MgFe) 2 [SiO4 ], consists of independent SiO4 tetrahedra. 
The iron concentration affects the solubility of the crystal, and hence the 
1 
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defect etching characteristics. A single crystal of olivine was cleaved, 
rather poorly, parallel to the (010) face. The two matching faces were mount-
ed in plastic and etched. Figs. 5 and 6 represent one half of the olivine 
I
crystal designated as OL17A after etching with 116 etchant (1:1:1 9 HF: HCl: 
•1	 citric acid) etchant for 30 sec. Matching faces of the crystal gave similar 
etch pits. 
The surfaces were replicated with acetyl cellulose plastic sheet dipped in 
methyl acetate. The replicated surface was found to have a precipitate, 
formed from the reaction of the solvent which had a p11 of 3,5 with the oh-
vine surface (see discussion Section 4.1). In subsequent replications, this 
precipitate was eliminated by using acetone as the solvent. 
The mounted crystals were polished with 0.3 p Al203 Linde A abrasive and etched 
1 mm. with #6 etchant. The resulting surface appeared covered with a dendri-
tic, flowerlike structure. Boiling for 5 mm, in 20% citric acid dissolved 
the surface structure, revealing dislocation etch pit arrays and grain bound-
ary lines, Fig. 7. Subsequent polishing and etching reproduced the same etch 
pit arrays and lines on 0L27A, but only faint lines and very few pits on the 
mating face 0L27B (not shown). Fig. 8 represents three locations on the 0L27A 
surface, photographed in the light microscope. The upper left photomicrograph 
is area A of Fig. 7; the upper right is area B, and the lower left is area C, 
all taken after the third polish and etch. Note that the diagonal polishing 
artifact in the lower sections of both A and B are absent before the third 
polish and etch, Fig. 7. Area C was re-photographed in the lower right photo-
micrograph after the fourth polish and etch. This photograph also shows the 
improvement in surface resolution obtained by vacuum depositing an aluminum 
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or gold film. Fig. 9 is a replica electron photomicrograph of a location 
near 7C. Note that with acetone, no precipitate is found. 
3,2	 Electrostatic Charging 
Electron microprobe x-ray analysis of the composition distribution for ortho-
clase cleavages E5 and E6 were made for the elements K, Na, Ca, and Ba. The 
electron beam spot diameter was 50.t to obtain an average over the inicroper-
thite structure. Successive points inaline traverse are separated by 500i, 
and the lines are 500i apart. Iso-concentration lines are drawn in for 1(20 
(Fig. 10). The grid for Na 20 wasn't fine enough to pick out a systematic 
variation, and alkaline earth components are distributed uniformly. The potas-
sium distribution does not seem to be related to the measured charge distri-
bution (see Figs. 18 and 19, 4th Year Summary). 
3,2.1 Run NO. E-9 9 Albite (001) 
An albite crystal was mounted, and the pressure was 7 x 10 	 to'rr after bake-
out. The first attempt to cleave the crystal, chipped a fragment from the 
cleavage notch. Pressure bursts in the high 1079 torr range were observed. 
The second attempt was successful, and the crystal showed a dipolar distribu-
tion oriented parallel to the notch. The negative peak is 90° clockwise from 
the chisel direction with a corresponding positive peak 173° clockwise from 
the negative peak. The dipole peak to valley difference decreased monoton-
ically with time for 13 days (Fig. 11, right-hand ordinate). 
3.2.2 Run No. E-lO, Albite (001) 
The same albite crystal as used in Run No. E-9 was cleaved a second time with- 
out breaking vacuum. Pressure bursts in the high 15 torr range were observed 
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again. It took three minutes to pump down to 1 x 10 torr and another minute 
to reach 2 x 10_ 10 ; the pressure finally dropped to the low 10_ 11 torr range 
in two days. 
A set of concentric polar charge distribution traces were made, and the dipole 
strength became larger as the electrometer probe moved farther away from the 
crystal edge, Fig. 12. This is discussed in Section 4.2. The dipole orienta-
tion is approximately the same as the previous run with respect to the cleavage 
notch. 
3.3	 Silicate Metal Adhesion As a Function of Surface State 
Run No. A8: Orthoclase (001) and Aluminum Alloy (2024) 
The results of the first day of this run were reported in the fourth year sum-
mary report. Thee are repeated here along with subsequent findings for con-. 
venience. This run is the longest run on record, and at the end of 78 days 
the electrostatic attractive force is still one-third its initial value. 
The system was evacuated to 3.0 x 10- 10 torr and then backfilled with argon 
to 2 x 10_2 torr. The metal sample was sputtered for 45 minutes at 2 to 3 ma. 
The orthoclase was cleaved 12 minutes after completion of sputtering at a 
system pressure of 1 x 10
77 torr. The cleavage surface was highly irregular. 
Contact was made with the metal sample three minutes later. An adhesion force 
of 1.8 kilodynes was measured, and a strong, long range attractive force was 
present. The adhesion force decreased to 1.2 kilodynes at the end of an hour 
and continued to decrease slowly during the next 78 days, Fig. 11. This run 
demonstrates experimentally the persistence of the charge for long periods 
inferred by previous work.	
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40	 Discussion 
4.1	 Defect Etching 
A variety of silicate mineral crystal classes have been studied as a prelim-
inary i!o examining defect etching which might be characteristic of the lunar 
environment. These include: 
Triclinic:	 albite 
Monoclinic:	 orthoclase, diopside, mica 
Orthorhombic:	 hyperstene, olivine 
These examples include members of the various silicate lattices, i.e., three-
dimensional space lattices, two-dimensional sheet lattice, one-dimensional 
chains, and zerodirnensic?na1 independent (ortho) silicate tetrahedra. 
Defect structures which are easily identified are: isolated growth disloca-
tions (Fig. 7), low-angle grain boundaries (Fig. 8), twin boundaries (Fig. 2)0 
deformation multiplication (Fig. 7), and exsolution boundaries between per-
thites (Figs. 1 and 2). 
The alumina-silicates are more difficult to etch due to the stabilizing ef-
fect of aluminum substitution in the Si-O space network and sheet lattices. 
A similar effect of Fe II substitution for magnesium in olivine is found since 
it is strongly adsorbed acting as an inhibitor and forms insoluble compounds. 
Additional members of the fosterite-fayalite series should be investigated to 
determine the extent to which the Fe II inhibits the reaction, and the effect• 
of conmplexing reagents, such as citric-acid and ethylenediaminetetracetiC acid 
(EDTA), to compensate for the inhibiting effects. Oxidizing reagents, such 
as BNO3 , etch Fe II - Fe III but lead to insoluble precipitates (silicates). 
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These are soluble in caustic, and M. Hauretti (Bull. Soc. Forauc, Mineral. 
Crist., 1966, vol. 89, 4179) has suggested alternating caustic and acid etching. 
The precipitate found on the replica electron photomicrographs of olivine, 
shown in Figs. 5 and 6, was unexpected since the procedure followed is stand-
ard practice in matallography. It was found to be a chemical effect due to 
hydrolysis of methylacetate, and it probably accounts for the spurious results 
periodically found in fractography. Our procedures have been modified to use 
CP acetone, and similar changes are being implemented in our own metallurgy 
laboratory. 
Two artifact problems in sheet plastic replication that have been found are 
the formation of bubbles and streamers. Both are due, apparently, to plas-
ticity from incomplete evaporation of the solvent from the thick plastic sheet. 
Use of liquid plastics instead of sheet plastic has been suggested as an al-
ternate method. The thinner plastic film, which is formed, presumably dries 
much more rapidly by solvent diffusion, thereby minimizing mechanical distor-
tion of the replica. Either method can be used with reliability for the 
Apollo lunar sample by allowing sufficient time for drying. 
4.2	 Electrostatic Charging 
The most significant result with the two cleavages in the same albite crystal 
is that the dipole orientation is the same in both runs E-9 and E-lO. Both 
cleavages were in the same direction as in the orthoclase cleavages, runs 
E-5 and E-6 9 where the charge orientation was first observed to persist. On 
the other hand, the strain induced localization opposite the cleavage point 
was not observed. Instead, the charge distribution is more of a symmetrical 
9
dipole where charge localiaatiOfl if it occurred, rapidly redistributed. 
Another important similarity between the orthoclase and albite experiments 
is that the net charge density difference of the second cleavage is larger 
than the first. On the other hands there is a marked increase in the dipole 
field as the probe moves to radii larger than the crystal diameter with al 
bite, the exact opposite to the orthoclase crystal where charge localization 
is observed. One possible explanation for the differences in the two mate-
rials is that the conductivity of albite is greater than orthoclase. Another 
possibility is that the lbite is exhibiting a simple precleavage polariza-
tion. Further analysis of other mechanisms is required so that the charge 
distribution and stabiliy in the lunar environment can be studied. 
10
50	 FutureWork 
Defect etching will be extended to rando!iüy oriented surfaces The effects 
of annealing on polished surfaces and shock-loaded samples will be investi-
gated. Intergranular bonding will be studied by electron microprobe x-ray 
analysis across interfaces in polycrystalline rocks that have been sectioned 
lapped and polished. Electrostatic charge distributions in model materials 
will be started using CaF 2 as the first example. 
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